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In a previous study, a significant inverse relation was
found between the luminal size of aortocoronary venous
bypass grafts and the vascular resistance of the coronary
region that was perfused by the bypass graft in late stages
after bypass surgery. This observation suggested that
changes in the graft-dependent vascular area could in-
fluence the luminal size of the vein graft, even when they
occurred several years after operation. Whereas it is well
established today that aortocoronary vein grafts often
decrease in luminal diameter after implantation, an in-
crease in the bypass lumen has so far not been reported.
Therefore, changes in luminal diameter of 27 vein
grafts in 21 patients who underwent at least two post-
operative angiographic studies (first study 8 ± 5 months
after surgery, second study 58 ± 32 months after sur-
gery) were compared with the size of the vascular region
It is well known that aortocoronary venous bypass grafts
undergo changes in luminal size after operation (1-6). In
the first weeks, a diffuse thickening of the intimal and medial
layers of the freshly implanted vein graft leads to a ho-
mogeneous narrowing of the bypass (I ,7-10). In later stages
after several years, focal obstructions may occur that have
been attributed to evolving graft atherosclerosi s (1) .
So far , only decreases in luminal aortocoronary venous
bypass diameter have been reported and bypass narrowing
is commonly regarded as a nonreversible process. In a pre-
vious study (II ), however. we found a significant inverse
relation between the luminal diameter of vein grafts and the
resistance of the vascular bed supplied by the aortocoronary
venous bypass graft in patients up to 10 years after opera-
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supplied by the bypass. The graft diameter was found
to be unchanged between the two studies (3.3 ± 0.6
versus 3.4 ± 0.7 mm, p = NS) when the dependent
vascular area was unchanged. A significant increase in
graft diameter from 2.8 ± 0.8 to 3.9 ± 0.9 mm (p <
0.001) was observed in nine patients in whom the area
of perfusion had increased between the two studies be-
cause of the development of occlusion or obstruction of
major coronary branches that were now perfused from
the grafted vessel by way of collateral vessels.
These data support the contention that the luminal
size of aortocoronary vein grafts can adapt to the needs
of the dependent myocardial vascular region even late
after operation rather than being the result of a non-
reversible degenerative process as commonly assumed.
(J Am Call CardioI1987;1O:1O-6)
tion. That study raised the question whether vein grafts can
adapt their luminal size to the demands of the dependent
myocardial region even late after operation. The present
study was therefore undertaken to clarify whether an in-
crease in the size of the vascular area supported by the
bypass can increase the graft lumen in the long-term post-
operative state .
Methods
Study patients. The study included 21 patients, 19 men
and 2 women , aged 41 to 6S years (mean S6 ± 7) who
received a total of 38 aortocoronary vein grafts and were
studied at least twice after surgery. All patients underwent
right and left heart catheterization including left ventricular
angiography and selecti ve coronary angiography at the time
of each investigat ion. Vasodilatory drug therapy including
nitrates and calcium channel antagonists had been stopped
at least 24 hours before catheterization.
Protocol. The first postoperative study was performed
an average of 8 ± S months (range 3 to 24) after surgery.
0735-1097/87/$3 .50
JACC Vol. 10, No. I
July 1987:IO~6
HERRMANN ET AL.
LATE INCREASE IN VEIN GRAff LUMINAL DIAMETER
II
Figure 1. Assessment of luminal by-
pass graft diameter from coronary an-
giograms. Left, Angiograms of a se-
quential vein graft to the left anterior
descending(LAD)coronaryartery and
to a posterolateral branch of the left
circumflex artery (PLS) in right (RAO)
and left (LAO) anterior oblique pro-
jections. Right, Drawings of the by-
pass graft from both projections. The
luminal diameter (D) was derived as
an average of at least 15 equidistant
diameter measurements perpendicular
to the graft's long axis in both planes.
Figure 2. Luminal bypass diameters of 27 vein grafts at the time
of the first (STUDY I) and second (STUDY II) postoperative
investigation. Group A, Unchanged area of supply between stud-
ies; Group B, increased area of bypass supply at the secondstudy.
Circles, grafts to the left anterior descending artery; triangles,
grafts to diagonal branches of the left anterior descending artery
or posterolateral branches of the left circumflex artery; squares,
grafts to the right coronary artery.
The second study took place 58 ± 33 months (range 10 to
118) after operation. The basic technique of the investiga-
tion, that is, the mode of catheterization and the technique
of coronary angiography and contrast injection, was un-
changed between studies. At the time of the second study,
5 patients were free of symptoms, whereas 16 suffered from
variable degrees of angina pectoris. The luminal size of 27
vein grafts patent at both studies could be compared, in-
cluding that of 13 grafts to the left anterior descending
coronary artery, 4 to diagonal branches, 3 to marginal branches
of the left circumflex coronary artery and 7 to the distal
right coronary artery. There were 26 single grafts and I
sequential graft.
Bypass graft diameter. Graft diameters were measured
from 35 mm cineangiograms taken in two orthogonal views
and projected onto a screen with 10 x magnification. The
grafts were traced from the projected images and their di-
ameters were measured using a Vernier caliper (accuracy
0.05 mm). The final value represented the average of at
least 15 equidistant measurements, taken perpendicular to
the graft long axis in each plane (Fig. 1). To compensate
for different magnifications, a calibration factor was derived
for each plane by measuring the size of the tip of the coro-
nary catheter in the projected image and comparing it with
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its true dimen sions. The validit y of this technique has been
documented previously (12-14). The graft dimension mea-
surements were obtained in a blinded fashion so that the
investigator did not know wheth er the vascular region under
supply had changed betwe en the two exa minations.
Graft-dependent vascular region. The size of the vas-
cular area supplied by each graft was assess ed in the fol-
lowing way . In both studies. the number of large coronary
arteries di rec tly opacified by the graft was counted; the count
included the major side branches of these arteries as well
as other vessels filled by way of collateral vessels arising
from the grafted artery . If the number of opacified large
arteries was not altered betw een the studie s, the suppli ed
area was considered to be unchan ged (group A).
An increase of the graft-dependent vascular region was
Figure 3. Patient 17. Aortocoronary vein
graft to a first diagonal branch of the left
anterior descending artery. A, B, Right
(RAO) and left (LAO) anterior oblique
angiograms 9 months after operation. C,
D, E, Angiograms 17 months after sur-
gery demonstrating that the graft now
supplies, in addition, the distal rightcoro-
nary artery and the left circumflex artery
throughcollateral vessels, associated with
an increase in bypass graft diameter from
1.9 to 3.3 mm.
assumed if the numb er of coro nary arteries directly and
collatera lly opacified from the bypass graft had increased
between the two stud ies (group B). Thi s required that at
least one nongrafted large coro nary artery had developed a
proximal high grade obstruction or occlusion between the
first and second studies and was now filled by collateral
vessels from the grafted artery (for exa mple , an obstructed
right or left circumflex coronary artery filling from a grafted
left anterior descending artery) .
Left ventricular ejection fra ction was calc ulated from the
left ventricular angiograms in the 30° right anteri or oblique
project ion . using the area-length method ( 15).
Statistics. Statistical analysis of the data was performed
using the two-tailed paired or unpaired Student' s t test ; a
probability (p) value < 0.05 was acce pted as significant.
Results
Graft patency. At the time of the first study , 31 (82%)
of 38 implanted grafts were patent and without angiographic
changes ; at the second study, 27 grafts (7 1%) were still
patent.
Graft diameters. The diameters of these 27 patent grafts
averaged 3 .1 ± 0 .7 mm at the first study and 3.6 ± 0. 8
mm at the second study (p < 0 .05) . Eighteen of these 27
grafts supplied a vascular area which was unchanged when
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Figure 4. Patient 21. Biplane angiograms of a vein graft to the
right coronary artery, studied 25 (A, B) and 112 (C, D) months
after operation. A total occlusion of the left main coronary artery
had developed between both studies, and the left anterior descend-
ing artery and the circumflex system were filled through collateral
vessels from the right coronary artery at the time of the second
study (C, D); the bypass lumen had increased from 3.8 mm (first
study) to 5.3 mm at the second investigation.
compared with the first study (group A). The luminal di-
ameter of these grafts had not changed significantly between
both studies (3.3 ± 0.6 versus 3.4 ± 0.7 mm (Fig. 2 and
Table lA).
In contrast, nine grafts in nine patients supplied an in-
creased number of large arteries at the time of the second
study (group B) (Table IB). In this group, graft diameters
had increased from 2.8 ± 0.8 to 3.9 ± 0.9 mm (p < 0.001)
(Fig. 2). This enlargement in graft diameter characteristi-
cally involved the entire length of the bypass and was seen
in vein grafts to the left anterior descending artery as well
as to the right coronary artery or diagonal branches (Figs.
3 and 4).
Hemodynamics. There were no significant differences
in heart rate, aortic pressure and left ventricular function
between the two studies for both patient groups (Table 1).
Discussion
Vein graft diameter after operation. To our knowl-
edge, a late postoperative increase in the luminal diameter
of coronary vein grafts has not been reported. Previous
studies (2-6, 16-18) have so far been focused on graft
narrowing early or late after operation. Within weeks after
implantation, a proliferative thickening of the intimal and
medial layers has been shown to occur in the venous wall,
leading to a homogeneous circumferential narrowing of the
bypass lumen (1,4,7-10,19,20). Anatomic studies (1,7,8)
have suggested that most of these proliferative changes are
completed after several months. Accordingly, several in-
vestigators (2,4,21,22) demonstrated that reduction in graft
diameter predominantly takes place within the first year. At
later stages, vein grafts are commonly regarded as fixed
conduits.
The present study demonstrates that graft diameter can
increase even several years after implantation. This increase
was found only in those patients in whom an increase in
the vascular area supplied by the graft was observed late
after operation. All these patients had developed a new,
high grade obstruction or occlusion in previously nongrafted
large coronary arteries supplying a noninfarcted myocardial
region. Eight of these nine patients had experienced a recent
onset of recurrent angina pectoris. At the time of the second
study, selective angiography demonstrated a rapid opacifi-
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cation of these obstructed arteries by way of collateral ves-
sels arising from a grafted artery, which meant an enlarge-
ment of the vascular region supplied by this bypass. In
contrast, in patients with an unchanged area of supply, the
luminal diameter of the bypass did not change during the
follow-up period of up to 60 months after surgery.
Mechanisms of graft enlargement. The mechanisms
that may lead to an enlargement of vein grafts late after
operation are still unclear. Alterations in cardiac mechanics
or distending pressure are unlikely because ventricular func-
tion and aortic pressure did not change in our patients be-
tween both studies, Changes in vasomotor tone of bypass
veins could be a possible explanation for this observation.
Active vasomotion has been claimed to occur in bypass veins
(23-25). The results of experimental (26) as well as ana-
tomic (9) studies, however, render it rather improbable that
vein grafts are likely to produce a significant vasomotor tone
late after implantation. Accordingly, in recent studies (27,28)
we have found no acute changes in vein graft diameters
after administration of vasodilatory drugs such as nitro-
glycerin, nifedipine or dipyridamole in patients late after
operation.
Graft diameter and dependent vascular region. It is
of importance that in our patients the late increase in bypass
lumen was always associated with an enlargement of the
vascular area supplied by the graft. It is reasonable to assume
that this enlargement of the graft-dependent vascular area
is associated with an increased blood flow through the graft.
Animal studies (29) have suggested that hemodynamic fac-
tors such as blood velocity and shear stress on the vascular
wall within the bypass graft can influence the progression
of fibrous proliferation: intimal and medial thickening was
reduced in the presence of a high blood velocity, but in-
creased in the presence of low blood flows and velocities.
On the basis of these results one could speculate that
intimal and medial proliferation is a dynamic process reg-
ulated by the demands of the vascular and myocardial region
supplied by the graft (25,30). In the early postoperative
period, this might result in a homogeneous narrowing of
the initially "oversized" graft vein until the regional needs
are matched. Afterward, the bypass lumen remains un-
changed as long as the regional demand is not altered. If,
however, the supplied vascular bed is enlarged and the re-
gional demand increases, intimal and medial thickening might
reverse even late after operation, thus adapting the bypass
lumen again to the peripheral needs. Accordingly, the by-
pass lumen at any postoperative state could be the result of
a dynamic equilibrium rather than a one-way degenerative
process as long as focal atherosclerotic lesions are absent.
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